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EXPERIMENTAL STATIC AERODYNAMICS 
OF A REGULAR HEXAGONAL PRISM I N  A LOW-DENSITY 
HYPERVELOCITY FLOW 
By Robert W. Guy, James  N. Mueller, 
and Louise P. Lee 
Langley Research Center 
SUMMARY 
A regular hexagonal prism, having a fineness ratio of 1.67, has been tested in a 
wind tunnel to determine its static aerodynamic characterist ics in a low-density hyper- 
velocity flow. The pr ism tested was a 1/4-scale model of the graphite heat shield which 
houses the radioactive fuel fo r  the Viking spacecraft auxiliary power supply. The basic 
hexagonal prism was also modified to  simulate a prism on which ablation of one of the 
six side flats had occurred. This modified hexagonal pr ism was tested to determine the 
effects on the aerodynamic characteristics of a shape change caused by ablation during a 
possible side-on stable reentry. 
Aerodynamic force and moment data on the prism were obtained at an average Mach 
number of 12.3 and an average length Reynolds number of 1380. The experimental force 
data were compared with modified Newtonian theory (continuum flow regime), free molec- 
ular transfer theory (free-molecule flow regime), and a semiempirical transition "bridg- 
ing" theory (transition flow regime). The force data showed the effects of flow rarefac- 
tion and were in better agreement with the estimates of the bridging theory than with either 
of the limiting theories. The experimental moment data from both the basic hexagonal 
pr ism and the modified hexagonal pr ism confirmed the stability of a side-on reentry. 
moment data, as well as the smaller  force data, also indicated the importance of alining 
the model sting with the model wake to minimize sting-interference effects on the data. 
The 
INTRODUCTION 
In recent years,  orbital insertion and reentry of satellites and spacecraft have 
created the need for  high-altitude high-velocity aerodynamic and heat-transfer data on 
bodies of various, and often aerodynamically unusual, shapes. These complex shapes 
make theoretical analyses difficult, especially in the transition regime between contin- 
uum and free-molecule flow. 
In this paper, the low-density, hypervelocity, static aerodynamic characteristics 
are determined for a n  aerodynamically unusual shape, a regular hexagonal pr ism having 
a fineness ratio of 1.67. This shape is the same as the graphite heat shield which houses 
the radioactive fuel fo r  the Viking spacecraft auxiliary power supply (radioisotopic ther- 
moelectric generator). Safety considerations dictate that if an abort should occur, this 
fuel cell must survive reentry and land intact. In order  to  determine the probability of 
survival during reentry, fuel-cell orientation must be known s o  that the heat load to the 
cell can be predicted. Background information on this type of fuel cell as well as a dis- 
cussion of a multiple-revolution fuel-cell reentry is contained in reference 1. 
The regular hexagonal prism tested in the present investigation was a 1/4-scale 
model of the Viking fuel cell. It was tested at an average Mach number of 12.3,  a n  aver- 
age length Reynolds number of 1380, and a simulated altitude (based on the ratio of unit 
Reynolds number to Mach number) of 77.7 kilometers referenced to the length of the full- 
scale body (1962 U.S. Standard Atmosphere, ref. 2). The prism was tested through an 
angle-of-attack range of Oo to 90° (apex forward, an effective roll angle + of Oo) ,  an 
angle-of-attack range of 0' to 90° (side flat forward, an effective roll angle + of - g o o ) ,  
and a roll-angle range of 0' to -3OO (apex-to-side flat) at an angle of attack of 90°. The 
regular hexagonal pr ism,  modified to simulate a prism with one of i t s  six side flats 
ablated, was also tested through a roll-angle range of 0' to -180' at an angle of attack 
of 90'. This modified prism was tested to determine the effects on the static aerody- 
namic characteristics of a possible stable side-on reentry. Similar investigations on 
a right circular cylinder fuel cell a r e  reported in references 3 to 5. 
The force data were compared with modified Newtonian theory (ref. 6) and free- 
molecule flow theory (ref. ?). In addition, the force data were compared with a semiem- 
pirical transition bridging theory (ref. 8) which was based on these limiting theories. 
The present force and moment data add to the rather meager supply of experimental 
data on aerodynamically unusual shapes flying at high altitudes. Such data a r e  needed for  
three reasons. First, they may be used to evaluate theoretical prediction methods in the 
transition flow regime. Second, they a r e  necessary for the determination of vehicle ori- 
entation during reentry (for safety, reusability of vehicles, and other considerations). 
And, third, they a r e  needed in the determination of the proper altitude for the removal of 
the protective shroud during satellite launches. 
SYMBOLS AND NOMENCLATURE 
The body and wind axes systems, showing the directions of forces, moments, and 
angular quantities a r e  presented in figure 1. The angles used to describe the orientation 
of the hexagonal prism are from reference 9. The reference area used in the force and 
moment coefficient equations is the product of the model length and the distance between 
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the side flats of the basic hexagonal prism. Reference length is the model length. The 
moment reference center is coincident with the longitudinal axis of the basic hexagonal 
prism and is located at the midpoint of the model. Measurements from this investigation 
are presented in the International System of Units (SI) (ref. 10). 
axial force in balance-axis system, corrected for component interaction 
axial force in balance-axis system , uncorrected for  component interaction 
reference area, (Ld) 
constant in equation (7) 
axial-force coefficient in body-axis system along X 
crosswind-force coefficient in wind-axis system (along Yw), - 
drag-force coefficient in wind-axis system along X 
arbitrary aerodynamic coefficient as predicted by free-molecule flow theory 
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FD ( 4) 
(es.  (12)) 
F L  
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lift-force coefficient in wind-axis system (along Zw), 
rolling-moment coefficient in body-axis system about X 
-
( 
arbitrary aerodynamic coefficient as predicted by modified Newtonian theory 
(es. (12)) 
pitching-moment coefficient in body-axis system about ( 
normal-force coefficient in body-axis system along Z ( 
yawing-moment coefficient in body-axis system about ( 
arbitrary aerodynamic coefficient as predicted by the bridging theory for  
transition regime (eq. (12)) 
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CY 
d 
FA 
FC 
FD 
FL 
FN 
FY 
f n 
f t  
H 
K 
L 
M 
FY side-force coefficient in body-axis system along YB,:, 
distance between side flats of basic hexagonal prism 
axial force in body-axis system (along XB> 
crosswind force in wind-axis system (along Yw) 
drag force in wind-axis system (along XW) 
lift force in wind-axis systeni (along Zw) 
normal force in body-axis system along Z 
- 
( gooA 
B) 
side force in body-axis system ( along Y B) 
normal accommodation coefficient (eq. (10)) 
tangential accommodation coefficient (eq. (1 1)) 
enthalpy 
constant in modified Newtonian theory (eq. (9)) 
reference length (length of model) 
Mach number 
rolling moment in body-axis system about XB) 
pitching moment in body-axis system about Y 
yawing moment in body-axis system about 
normal force in balance-axis system, corrected for component interaction 
normal force in balance-axis system , uncorrected f o r  component interaction 
unit Reynolds number, 
B) 
zB> 
( 
( 
P 
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NRe, L 
P 
q 
S 
T 
V 
- 
L V 
Y 
E 
Reynolds number, PVL -
P 
pressure 
dynamic pressure,  - 2 
molecular speed ratio, 
PV2 
tempe r atur e 
velocity 
M hypersonic viscous parameter, 
JNRe,L' 
body-fixed axes; origin a t  center of gravity; XB coincident with a 
longitudinal axis of the body (fig. 1) 
wind axes; origin at center of gravity; Xw alined with relative wind; 
Yw,Zw nonrolling about the Xw axis (fig. 1) 
ratio of specific heats 
angle of sting balance relative to wind direction 
angle between tangent to body surface and wind direction 
sting offset angle 
mean free path length 
dynamic viscosity 
mass  density 
resultant angle of attack defined by XB axis and velocity vector (fig. 1) 
effective roll angle; angular inclination of the ZB axis from the projection 
of the velocity vector in the YB,ZB plane 
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Subscripts : 
b model wall 
L based on reference length 
t,l plenum chamber stagnation condition 
t,2 stagnation condition behind a normal shock 
00 free- s t ream conditions 
APPARATUS AND TESTS 
Tunnel and Test Conditions 
The tunnel used in  this investigation was the 0.305-meter hypersonic a r c  tunnel at 
the Langley Research Center (fig. 2) with air as the test  gas. A magnetically rotated a r c  
heats the air and a 5O half-angle nozzle expands it from the 0.55-cm-diameter throat to 
the 0.305-meter tes t  section. A five-stage steam ejector provides sufficient vacuum for  
continuous tunnel operation. 
Tunnel flow properties were determined from measurements and from calculations. 
Measured properties were stagnation chamber pressure,  pitot pressure,  tunnel mass  flow 
rate,  and total enthalpy (determined as a function of stagnation chamber pressure,  tunnel 
mass  flow rate,  and effective sonic-throat a r ea  from previous calorimeter measurements 
(ref. 11)). 
equilibrium gas expansion computer program (ref. 12) which had been modified to account 
approximately for vibrational nonequilibrium (ref. 11). The nonequilibrium stream prop- 
ert ies were functions of stagnation chamber pressure and temperature, throat size and 
nozzle geometry, and measured pitot pressure.  
Free-s t ream properties were calculated by using the Cornel1 chemical non- 
Average test  conditions fo r  the present investigation a r e  given in the following table. 
Specific test  conditions for individual tes t s  a r e  presented in table I. 
__ 
Test 
parameter 
P ~ , ~ ,  N/m2 . . . . .  
Ht, l ,  MJ/kg . . . . .  
- 
T t , l ,  K . . . . . . .  
M, . . . . . . . . . .  
p-, N/m2 . . . . . .  
p=, kg/m3 . . . . . .  
T,, K . . . . . . . .  
__ 
Average 
value 
8.36 x 105 
1.11 
4440 
12.3 
5.43 
1.01 x 10-4 
162 
Test 
parameter 
. . . . . .  
. . . . .  
. . . . .  
. . . . . .  
. . . . . . . .  
. . . . . . .  
--__ 
Average 
value 
3325 
581 
1076 
1380 
0.331 
0.058 
- 
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In order to a s ses s  property gradients, longitudinal and lateral  pitot pressure su r -  
veys were taken near the test-section a r e a  occupied by the hexagonal prism model. The 
longitudinal surveys showed that the dynamic pressure varied about 2- percent over a dis- 
tance equivalent to the model length. Lateral pitot pressure surveys, in the presence of 
and approximately 12.7 cm upstream of the model, indicated no variation in dynamic pres- 
s u r e  over a distance equal to the projected length of the model when the sting balance was 
alined with the flow. With the sting balance at the maximum angle to the flow (E = 16O), the 
lateral surveys indicated an average variation of 2- percent in dynamic pressure in a dis- 
tance equivalent to one model length. 
1 
2 
1 
2 
The effects of conical flow (ref. 13) on the force and moment data were assessed 
analytically by assuming maximum flow angularity over the model (total subtended angle 
of 1.25O). The effects on the forces  were found to be small  compared with the standard 
deviation of the experimental data. (See ' 'Error Analysis" and table 11). However, the 
calculated conical-flow effects on the moments were of the o rde r  of the standard devia- 
tion. 
touring of the thick boundary layer in the low-density high Mach number nozzle. 
ref. 14.) 
Conical-flow effects should be minimized somewhat, however, by the viscous con- 
(See 
Models 
The 1/4-scale basic hexagonal prism and the modified hexagonal prism (modified to 
simulate ablation of one of the six side flats) are presented, with dimensions, in figure 3. 
The modified prism w a s  designed to represent a fuel cell that might reenter in a side-on 
stable condition rather than in a spinning o r  a tumbling mode. 
from an aluminum alloy to  minimize weight (50 g) and to  reduce model temperature gra- 
dients during the tests.  
Both pr isms were machined 
Several models with balance wells drilled at different sting offset angles 0 were 
required to cover the desired angle of attack and roll-angle ranges because the tunnel's 
circular-arc sector (used to vary angle of attack) was limited to a total travel of 25' 
(E = -16O to go). 
hexagonal prism model is shown mounted on the sting balance with the sting attached to 
the circular-arc sector of the tunnel in the photograph in figure 4(b). In order to illus- 
trate the angle-of-attack range attainable with a particular model, a model with a sting 
offset angle of 45' is shown attached to the sting in the drawing i n  figure 5(a). By rotating 
the model-balance system 180°, this same model was used to  obtain other angles of attack. 
(See fig. 5(b).) 
Some of these models a r e  shown in the photograph in figure 4(a). A 
Instrumentation 
Two strain-gage force balances were used in the test series. The first was a three- 
component, uncooled balance with design limits for a normal load of 0.22 N, an axial load 
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of 2.2 N, and a pitching moment of 1.69 cm-N. It was used to measure only normal and 
axial loads and the balance moment center was located near the base of the model. 
(Moments were recorded for use in correcting for component interaction during data 
reduction.) The second was a two-component, uncooled balance with design limits for 
a normal force of 0.44 N and a pitching moment of 0.56 cm-N. It was used to measure 
only the moments, and the balance moment center was located at  the center of gravity of 
the model. (Normal force w a s  recorded for use in correcting for component interaction.) 
Pitot p ressures  (for use in determining free-s t ream properties) were obtained by 
using a 0.475-cm-diameter flat-faced water-cooled cylindrical probe. They required 
neither a viscous correction (refs. 15 and 16) nor an orifice correction (ref. 17). The 
pressures  were measured with a capacitance transducer. 
The sting-balance angle relative to the s t ream t was measured electrically by 
the resistance change of a precalibrated precision potentiometer. This measurement, 
along with the others previously mentioned, 'was recorded on a 52-channel dry-develop 
oscillograph. 
Test Procedure 
The model, balance, and circular-arc  sector  were oriented s o  that the model weight 
acted in a plane perpendicular to the plane in which the forces  and moments were mea- 
sured. Since the models were mounted on the center of rotation of the circular-arc  sec-  
tor ,  they stayed in essentially the same location in the tes t  section when the resultant 
angles of attack o or effective roll  angles Q were varied. 
Preliminary tes ts ,  with the uncooled model and balance stationary, indicated that 
the measured forces  and moments were unaffected by model temperature for tes t  dura- 
tions less than 12  seconds. With this time constraint, the test  procedure for obtaining the 
longitudinal (Q = Oo; 
((T = 90°; 
(T = Oo to 90°) , lateral (-I) = 90°; 
-IC/ = Oo to 180°) was  as follows (see fig. 5): 
o = 00 to 90°) , and roll data 
(1) The model was mounted on the balance support system with the sting balance 
alined with the flow. It w a s  left in this position for  5 seconds after the tunnel was  started 
to allow the flow to become established. 
(2) Then, the model was rotated (12O/sec) to its angular limit in one direction. 
(Travel was  stopped by a limit switch triggered by a tab on the circular-arc sector.) It 
was  held in this position for about 1 second. 
(3) Next, the model was rotated to its angular limit in the opposite direction and 
held in this position for  1 second. 
(4) Finally, with the model in this position, the pitot probe was inserted into the flow 
and pitot pressure was measured near the model tip on the tunnel center line. After allow- 
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ing the required 2 seconds for  the pressure measurement to reach a steady-state level, 
the tunnel flow was stopped. 
On the next test, the model and the sting balance were rotated 180°. This rotation 
provided a duplicate zero-sting-alinement data point (to check s t ream angularity) and 
two new data points. 
DATA REDUCTION 
The strain-gage data were  measured from the oscillograph tapes and reduced to 
forces and moments by use of the balance sensitivity and calibration constants. The 
force data at this point were NLal and ALal, that is, the forces normal and parallel to 
the balance axis. Moment data were  acquired without the necessity of transferring the 
moments since the balance moment center was located at the model center of gravity on 
the moment tests.  The data were then corrected for balance component interaction. 
Finally, the corrected balance force data, Nbal and Abal, were reduced to forces in 
the body- and wind-axes systems by the following equations (see fig. 6): 
Wind-axis system: 
F L( 
Fc (lateral) = Nbal C O S  E - Abal Sin E 
FC(rol1) 
FD( 
FD ( lateral) 
FD (r0 11) 
= Nbal Sin E + Abal C O S  E 
Body-axis system: 
FN( 
FY( lateral) = Nbal C O S  6' + Abal Sin 8 
Fy(roll) 
FN( longitudinal) 
Fy (lateral) 
Fy(roll) 
= - N ~ ~ ~  sin(8 - goo) + Abal cos@ - goo) (goo 5 e 5 1800) (5) I 
Free-stream dynamic pressure was obtained from measured pitot pressure,  which, 
in hypersonic flow, may be closely approximated by the product p,V? (ref. 16), that is, 
The factor B is weakly dependent on the ratio of specific heats of the gas. For  these 
tests,  B was taken to be 0.925 for  the known nonequilibrium flow conditions (ref. 11). 
Rearrangement of equation (7) gives the free-stream dynamic pressure for the present 
tests as 
The reference area used in the force and moment coefficient equations was the 
product of model length and the distance between the side flats of the basic hexagonal 
prism. Reference length was model length. (See fig. 3.) 
ERROR ANALYSIS 
Systematic E r r o r s  
The force and moment coefficients correspond to the total measured forces and 
moments on the model and thus include the effects of the pressure in the balance cavity; 
that is, no corrections to the data have been made to account for the presence of the sting. 
The moment coefficients and the smaller force coefficients show effects of sting interfer- 
ence. In reference 18, sting-support interference was investigated for a blunt model- 
support system similar to that of the present study. The interference w a s  especially 
noticeable on pitching-moment data, the worse effects occurring at the lower Reynolds 
numbers. To minimize this effect, the suggestion w a s  made in reference 18 that the sting 
support should be alined closely with the free  wake behind the model. With this in micd, 
heaviest emphasis in this paper is placed on data taken with the sting balance alined with 
the free-stream flow direction. 
10 
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Random E r r o r s  
A random-error analysis of some of the experimental force and moment data was 
performed according to the method presented in reference 19. The analysis included only 
data points taken with the sting balance alined with the free-stream flow direction. This 
analysis gave an indication of the random e r r o r s  over the entire angle range considered. 
Both the maximum uncertainty and the standard deviation were calculated for  the points 
mentioned. (The results are presented in table 11.) The standard deviations are shown 
as e r r o r  ba r s  on the shaded symbols in the figures if the e r r o r  limits exceeded the sym- 
bol size. The analysis included possible e r r o r s  in reading the oscillograph tapes, bal- 
ance calibrations, pressure transducer output, angular location of the model, and model 
reference dimensions. 
THEORY 
The experimental aerodynamic force data were compared with modified Newtonian 
flow theory (ref. 6), free-molecule flow theory (ref. 7), and a semiempirical transition 
bridging theory (ref. 8). The moment data were not compared with these theories since 
each theory predicts zero moments about the model center of gravity. 
The modified Newtonian and free-molecule flow theories were applied to the hex- 
agonal prism to predict the pressures  and shear  stresses acting on the various surfaces 
of the model. The pressure on a surface from modified Newtonian theory is (ref. 6): 
p = p, + Kq, sin27 ( 9) 
where 7 is the angle between the body surface and the free-s t ream velocity vector and 
K = 2B = 1.85 in the present study. 
approximation. The pressure on a surface from free-molecule flow theory is (ref. 7): 
Surface shear stress is zero in the Newtonian 
The shear stress on a surface from free-molecule flow theory is (ref. 7): 
11 
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The free-molecule calculations were done for M, = 12.3, y = 1.43, Tb/T, = 3, and 
fn  = f t  = 1 (completely diffuse reflection). The pressure  and shear  s t r e s ses  were con- 
verted to forces  (acting on the various surfaces of the hexagonal prism) and these forces  
were summed to find the resultant forces  in the axes directions. 
03 
Modified Newtonian theory and free-molecule flow theory a r e  the limiting theories 
for  continuum and completely rarefied flow , respectively. No rigorous theory was avail- 
able for this shape body in the transition flow regime. Therefore, the following semiem- 
pirical bridging theory, for  predicting aerodynamic coefficients in the transition regime 
(ref. 8), was used: 
CTR = 
The appropriate reference length L for use in this equation is not apparent. However, 
on short  blunt bodies, the decision is not critical; and in  the present studies, the length 
of the hexagonal prism was used. In equation (12), note that for higher Reynolds numbers 
(continuum flow), CTR % CMN, whereas for low Reynolds number flows (nearer free- 
molecule flow), CTR =: CFM. 
however, this theory w a s  in better agreement with the present data and was also simpler 
to apply. 
Other bridging theories a r e  available (refs. 8 and 20); 
PRESENTATION OF DATA 
The experimental force and moment data obtained in this study a r e  presented in 
table 111 and in figures 7 to 10. The data a r e  compared with theoretical predictions from 
modified Newtonian theory, free-molecule theory, and the semiempirical  transition bridg- 
ing theory. 
Figure 7 presents CN, CA, CD, CL, FL/FD, and C, for the basic hexagonal 
prism over an  angle-of-attack range of 0' to 90° for 1c/ = Oo. Figure 8 presents CY, 
CA, CD, C c ,  Fc/FD, and Cn for the basic hexagonal prism over an  angle-of-attack 
range of Oo to 900 f o r  -1c/ = 90°. Figure 9 presents Cy,  CN, CD, C c ,  FcFD,  and 
C1 for the basic hexagonal prism over a roll-angle range of Oo to -1800 for (T = 90'. 
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Figure 10 presents Cy,  CN, CD, Cc, Fc/FD, and CL for the simulated ablated 
hexagonal pr ism over a roll-angle range of Oo to -180° for u = 90°. 
Data taken with the sting balance alined with the free-s t ream flow direction are 
shown as shaded symbols. These data are believed to have minimum sting-interference 
effects according to information found in reference 18. Data taken with the sting not 
alined with the flow are identified with different symbols. 
DISCUSSION OF RESULTS 
The longitudinal-force coefficients at +b = Oo (figs. 7(a) to 7(e)) exhibit a smooth 
trend over the Oo to 90° range. The normal-, axial-, and drag-force coefficients 
(figs. 7(a) to 7(c)) a r e  affected by flow rarefaction in the form of increased force coeffi- 
cients over that predicted for  continuum flow. They agree with the prediction of the 
transition bridging theory within one standard deviation in most cases  and within the 
maximum uncertainty of the data in a l l  cases.  
The lift coefficient (fig. 7(d)) is in better agreement, however, with the modified 
Newtonian theory than with the bridging theory. This result is not inconsistent with the 
better agreement of the normal-, axial-, and drag-force coefficients with the bridging 
theory; instead, it is a result  of resolving the force coefficients into the wind-axis system. 
For  example, the experimental normal-force coefficient at u = 60° is larger  than the 
bridging theory estimate whereas the axial-force coefficient at u = 60° is smaller  than 
the bridging theory estimate. Now, 
CL = CN COS u - CA s in  u 
and the difference between theory and experiment is magnified in since a "too small" 
number relative to the bridging theory estimate (the experimental CA s in  0 )  is subtracted 
f rom a "too large" number relative to the bridging theory estimate (the experimental 
CN cos D). However, the drag  coefficient data (fig. 6(c)) agree more closely with the 
bridging theory estimates at 0 = 60° than do the lift coefficient data since 
CL 
CD = CN sin u + CA COS u (14) 
1 and the difference between theory and experiment is compensated to some extent in CD 
since a too small  number is added to a too large number. Of course, the magnitude of 
the angle of attack affects the results,  as can be seen from equations (13) and (14). The 
resolution of this "apparent inconsistencyqv presents a strong case for examining the 
agreement between theoretical and experimental force data in two axes systems since 
discrepancies may be more apparent in one system than i n  another system. 
13 
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Also in  figure 7(d), the negative lift coefficients at the lower angles of attack are 
not predicted by free-molecule theory. Since the lift coefficient data are in better agree- 
ment with modified Newtonian theory and the drag coefficient data with the bridging theory, 
the lift-drag ratio ( F L / F ~ ,  fig. 7(e)) distribution falls between the predictions of these 
two methods. 
The effects of sting interference on pitching-moment coefficient are shown in fig- 
u re  7(f). The data connected with the dashed lines were taken with a particular model 
mounted on the sting balance, and the various symbols denote sting inclination angle rela- 
tive to the flow direction. (See the chart  in fig. 7(f).) Data taken with each sting incli- 
nation angle may be used to form a unique moment curve; sting interference effects a r e  
thus indicated. The wide spread in the pitching moments obtained with different sting 
alinements at approximately the same angle of attack also indicates strong sting inter- 
ference effects. 
Only the moment data taken with the sting alined with the flow (solid symbols) are 
presented in figure 7(g) since sting interference effects are believed to be negligible in 
this orientation (based on the results of ref. 18). The fairing of the data indicates t r im  
points (Cm = 0) at 
(dCm/da < 0). The 90° t r im point is the more stable of the two (more negative dCm/do) 
and is the orientation (from static considerations) that the hexagonal prism would tend to 
seek during reentry. 
a = Oo, 20°, 38O, and 90°, those at o = 20° and o = 90° being stable 
The lateral aerodynamic force data (for -+ = 90°) shown in figures 8(a) to 8(e) are 
very similar to the longitudinal data. The data are very smooth over the entire angle-of- 
attack range (Oo to 90°) and are generally in better agreement with the transition bridging 
theory than with either of the limiting theories. However, the crosswind data (fig. 8(d)) 
tend to agree with modified Newtonian theory for o < 40'. 
The yawing-moment data (with a side flat facing the flow) (fig. 8(f)) exhibit trends 
similar to the pitching-moment data (with an apex facing the flow). 
a r e  at approximately 15' and 90' with the more stable orientation occurring at o = 90°. 
Apparently then, the hexagonal prism will, upon reentry, tend to seek the vertical position, 
that is, o = 90°, whether an apex (IC/ = 0') o r  a side flat (-+ = 90°) is facing into the flow. 
Stable tr im points 
The roll  tests were undertaken to determine which of these orientations would occur 
and the results are presented in figure 9. These tes t s  were conducted with o = 900 with 
force data taken from -+ = 0' to 30°. The remaining data points in figure 9 (for 
-+ = 30° to 180O) were calculated from the experimental roll  data by use of model 
symmetry. 
The side-force coefficient (fig. 9(a)) is predicted generally very well by the bridg- 
ing theory. The dip in the data near -+ = 90° may possibly be caused by sting interfer- 
ence effects. This dip appears to be inconsistent since the data near -+ = 90° were cal- 
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culated from the data obtained at -I$ = 31.3O, where the experimental C y  data point 
agrees  quite well with the estimate of the bridging theory. Again, this "apparent incon- 
sistency" may be resolved by examining the data and theory in both the wind- and body- 
axes systems. Near -+ = 30°, 90°, and 150°, the Cc data (fig. 9(d)) show scatter 
about the bridging theory estimates whereas the CD data (fig. 9(c)) a r e  consistently 
less than the bridging theory estimates. Now 
C y  = C c  COS)+J  + CD sin(+/(  
If the experimental crosswind force coefficient CC is greater than the estimate of the 
bridging theory, the difference between the theoretical and experimental values of CY 
is diminished. If the experimental crosswind force coefficient is less  than the estimate 
of the bridging theory, the difference is magnified. However, the magnitude of the rol l  
angle also affects these results; near -+ = 90°, C y  = CD and hence, there  is a dip in 
the experimental Cy data at this roll  angle. 
Note also the "apparent agreement" of the experimental Cy data where E E -8.5' 
and -16.4O with the bridging theory prediction in figure 9(a). However, the crosswind 
data (fig. 9(d)) at these same sting inclination angles do not agree with the bridging theory 
prediction. Again, the importance of making the comparison between theoretical and 
experimental force data in two axes systems is emphasized. 
The normal-force coefficient (fig. 9(b)) is also well predicted by the transition 
bridging theory with the exception again of some data points taken with the sting balance 
at an angle to the flow direction. The same remarks  apply for the drag-coefficient data 
in figure 9(c). 
Sting interference effects a r e  most noticeable in the crosswind-force-coefficient 
data and the crosswind-drag ratio in figures 9(d) and 9(e). These effects a r e  enhanced 
by the small  magnitudes of the forces  involved as was  true in the cases  of the longitudinal 
and lateral moment data. Data taken with the sting balance alined with the flow (solid 
symbols) a r e  in reasonable agreement with the predictions of both the bridging theory 
and modified Newtonian theory. 
The rolling-moment data are shown in figure 9(f). Stable t r im points appear to 
exist only at -+ = 30°, 90°, and 150°, that is, with a side flat of the hexagonal pr ism 
facing into the flow. However, since only two rolling-moment data points were  mea- 
sured (-+ = Oo and 15O), the faired curve must be used with caution. Rolling moment 
taken on the same shape at M, = 3.52 and NRe - 3.28 X lo6  per  meter  and tabu- 
lated in reference 21 indicate stable t r im  points with either an apex or  a side flat of the 
basic hexagonal pr ism facing the flow. 
,* - 
Since the distance f rom the center of the hexagonal c ross  section to the side flat is 
the minimum radius, tes ts  were conducted on a hexagonal prism with one of the six side 
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flats modified to simulate an ablated flat. 
the drag coefficients a r e  presented in figures lO(a) to lO(c). Generally, the data lie 
between the predictions of the bridging theory and modified Newtonian theory with the 
zero sting alinement data agreeing more closely with the transition bridging theory. 
The side- and normal-force coefficients and 
Sting interference effects may be noted in the crosswind-force coefficient data and 
the crosswind-drag ratio in figures 10(d) and lO(e). The zero  sting alinement data lie 
very nearly coincident with the bridging theory prediction. 
The rolling-moment data for the modified hexagonal pr ism was  taken with the bal- 
ance moment center located at a point corresponding to the center of gravity of the basic 
(unmodified) hexagonal pr ism.  This procedure is proper for determining the stability of 
the fuel cell which contains a very dense core surrounded by the lightweight graphite heat 
shield. Ablation of the fuel-cell heat shield would shift the center of volume to a much 
greater degree than the center of gravity. Of course, the data, as measured, would not 
describe the stability of a hexagonal prism of uniform density. 
The rolling-moment data a r e  shown in figure 10(f). Data shown as shaded symbols 
a r e  the present results (sting balance alined with the flow) at an average Mach number of 
12.3 and an average length Reynolds number of 1380. Data shown as open symbols were 
obtained at a Mach number of 3.52 and a length Reynolds number of 562 000 (ref. 21). A 
single fairing through both se t s  of data is presented. A stable t r im point occurs at 
-I) = 30°. In this orientation, the simulated ablated flat is perpendicular to the flow 
direction. It should be noted, however, that tabulated data in reference 21 indicates that 
if an apex should ablate (rather than a side flat), the hexagonal prism would be stable 
with the ablated apex facing the flow. 
The results of the longitudinal, lateral, and roll  tes ts  on the basic hexagonal prism 
and the modified (simulated ablated) hexagonal pr ism indicate that the reentering body 
will tend to seek the 90° angle-of-attack orientation. In addition, if a side flat starts to 
ablate, the side-on orientation wil l  remain stable with respect to the center of gravity of 
the basic hexagonal prism as ablation continues. Thus, any design for the survival of the 
hexagonal pr ism fuel cell should consider the heat load for  constant orientation, ablation 
occurring primarily on one side of the prism. 
CONCLUSIONS 
The results of aerodynamic force and moment tes ts  on a regular hexagonal prism 
at an average Mach number of 12.3, an average length Reynolds number of 1380, and a 
simulated altitude (based on the ratio of unit Reynolds number to Mach number) of 
77.7 kilometers referenced to the length of the full-scale body indicated the following 
conclusions : 
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1. A semiempirical transition bridging theory, based on continuum and free-molecule 
limiting theories, agreed well with the experimental aerodynamic force data. The con- 
tinuum theory (modified Newtonian) and free-molecule theory were found to be inadequate 
for predicting aerodynamic forces  on a hexagonal prism in the transition flow regime. 
2. Experimental pitching- and yawing-moment data indicated that the basic hexag- 
onal prism would tend to seek an  alinement perpendicular to the flow (90' from end-on) 
upon reentry. Further tests on a modified (simulated ablated side flat) hexagonal pr ism 
indicated that if a side flat s tar ted to ablate, the side-on orientation would remain stable 
with respect to the center of gravity of the unablated hexagonal prism. 
3. Sting interference effects were very noticeable on the smaller  force data and on 
the moment data when the sting balance was at an angle to the flow. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Hampton, Va., May 18, 1972. 
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TABLE I.- WIND-TUNNEL TEST CONDITIONS 
%,l' 
N/m2 
7.76 X 10 
7.40 
7.42 
7.84 
7.81 
8.41 
8.22 
8.21 
8.12 
8.95 
9.02 
8.91 
9.19 
8.87 
9.31 
8.98 
7.70 
7.93 
7.97 
8.15 
8.13 
9.06 
8.88 
8.91 
7.97 
B.98 
B.81 
9.90 
3.90 
3.70 
3.95 
3.70 
7 .11  
7.60 
3.61 
1.74 
1.67 
1.76 
7.62 
1.97 
1.57 
1.97 
1.51 
1.51 
1.63 
1.90 
1.91 
8.88 
#.92 
~ 
Tt,l 
K 
391( 
3771 
3801 
388( 
38% 
428( 
429( 
430( 
428C 
500C 
504C 
494c 
54oc 
4880 
5400 
5060 
3930 
8040 
4040 
$200 
1130 
1920 
1940 
M O O  
LO80 
L810 
1760 
1790 
1700 
1640 
1610 
1620 
1940 
1900 
1750 
I 9 0  
,780 
1930 
1900 
070 
910 
090 
900 
860 
920 
870 
850 
040 
780 
- 
~ 
__ 
%,l. 
wkl __ 
6.09 
5.65 
5.15 
6.00 
5.95 
7.30 
7.35 
7.40 
7.30 
9.37 
9.44 
9.12 
10.41 
9.02 
10.47 
9.51 
6.14 
6.51 
6.51 
7.09 
6.84 
9.14 
9.21 
8.84 
6.65 
9.00 
8.72 
8.79 
8.54 
8.37 
8.47 
8.33 
6.19 
6.05 
8.68 
8.68 
8.77 
6.14 
6.07 
6.63 
6.29 
6.68 
6.06 
6.00 
5.82 
9.00 
8.96 
9.44 
8.77 
__ 
~ 
Tm 
K 
150 
14E 
141 
140 
150 
160 
165 
160 
165 
175 
110 
170 
180 
170 
180 
170 
150 
155 
150 
160 
160 
170 
115 
110 
150 
110 
I70 
170 
110 
I70 
I70 
I70 
I50 
I50 
1 70 
!70 
70 
50 
50 
50 
50 
55 
50 
50 
50 
70 
IO 
75 
I O  
~ 
~ 
p-9 
W m 3  
1.15 x 10- 
1.15 
1.14 
1.23 
1.20 
1.14 
1.13 
1.12 
1.14 
.91 
.97 
1 .oo 
.88 
1.02 
.88 
.94 
1.12 
1.11 
1.12 
1.14 
1.16 
1.02 
1.02 
1.05 
1.10 
.98 
1.02 
1.01 
1.03 
1.06 
1.04 
1.06 
1.12 
1.13 
1.01 
1.01 
1.01 
1.11 
1.14 
1.10 
1.10 
1.10 
1.12 
!.I2 
..15 
.99 
.oo 
.96 
.oo 
3060 
2975 
2990 
3040 
3040 
3260 
3270 
3215 
3260 
3600 
3620 
3570 
3770 
3545 
3175 
3625 
3070 
3135 
3135 
3220 
3180 
3560 
3570 
3510 
3160 
3540 
3500 
3500 
3460 
3440 
3450 
3430 
3075 
3050 
3490 
3490 
3500 
3070 
3050 
3150 
3090 
3160 
3055 
3040 
3010 
3540 
3530 
3620 
3500 
pm 9 
N/m: 
5.23 
4.99 
4.98 
5.65 
5.45 
5.11 
5.80 
5.76 
5.83 
5.53 
5.50 
5.63 
5.21 
5.69 
5:22 
5.30 
5.10 
5.20 
5.26 
5.69 
5.68 
5.77 
5.78 
5.87 
5.20 
5.37 
5.51 
5.54 
5.58 
~ 
5.74, 
5.61 
5.66 
5.12 
5.09 
5.51 
5.65 
5.51 
5.02 
5.15 
5.21 
5.07 
5.29 
5.01 
5.02 
5.04 
5.49 
5.50 
5.49 
5.46 
531 
509 
510 
568 
553 
605 
605 
602 
605 
631 
631 
637 
629 
637 
627 
616 
528 
54 5 
550 
591 
586 
648 
646 
648 
547 
614 
622 
622 
622 
627 
622 
621 
530 
525 
613 
614 
617 
523 
530 
547 
526 
554 
523 
519 
518 
822 
622 
628 
616 
pt,29 
N/m2 
987 
931 
931 
1043 
1016 
1109 
1109 
1105 
1109 
1154 
1154 
1166 
1148 
1166 
1145 
1121 
910 
1001 
1010 
1084 
1076 
1186 
1186 
1186 
1004 
1123 
1138 
1139 
1138 
1148 
1140 
1136 
914 
965 
1123 
1123 
1129 
961 
973 
1004 
965 
1011 
961 
!953 
953 
1139 
1139 
I148 
1127 
ym 
~~ 
1.42 
1.42 
1.42 
1.42 
1.42 
1.43 
1.43 
1.43 
1.43 
1.45 
1.45 
1.44 
1.45 
1.44 
1.45 
1.45 
1.42 
1.42 
1.42 
1.43 
1.43 
1.44 
1.44 
1.44 
1.42 
1.44 
1.44 
1.44 
1.44 
1.44 
1.44 
1.44 
1.42 
1.42 
1.44 
1.44 
1.44 
1.42 
1.42 
1.42 
I .42 
L.43 
!.42 
..42 
..42 
.44 
.44 
.45 
.44 
~ 
M, 
12.( 
12.( 
1 2 s  
11.5 
12.l 
12.1 
12.1 
12.1 
12.0 
12.E 
12.6 
12.5 
12.8 
12.5 
L2.9 
L2.1 
2.1 
2.1 
2.1 
2.1 
2 .o 
2.5 
2.5 
2.4 
2.2 
2.6 
2.5 
2.5 
2.4 
2.3 
2.4 
2.3 
2.1 
2.1 
2.4 
2.4 
2.5 
2.1 
2.0 
2.2 
2.1 
2.1 
1.1 
1.1 
1 .O 
1.5 
z.5 
1.6 
1.5 
~ 
NRe;m,I 
1460 
1480 
1410 
1540 
1520 
1440 
1430 
1420 
1430 
1280 
1270 
1310 
1190 
1320 
1190 
1250 
1440 
1430 
1440 
1440 
1460 
1330 
1320 
1360 
1400 
1300 
1330 
1320 
1350 
1360 
1360 
1360 
1440 
1450 
1320 
1320 
1320 
1440 
1460 
1420 
1410 
1420 
1440 
1440 
1480 
1310 
1310 
1270 
1320 
NRe,-/n. 
3.42 x 10' 
3.46 
3.41 
3.59 
3.54 
3.35 
3.32 
3.31 
3.33 
2.99 
2.97 
3.06 
2.78 
3.08 
3.77 
1.92 
1.36 
1.33 
1.35 
1.22 
1.40 
1.11 
1.09 
1.16 
1.29 
#.03 
.10 
.09 
.14 
.18 
.17 
.18 
.35 
.38 
.Ol 
.Ol 
.07 
.35 
.40 
30 
.29 
.31 
3 6  
3 6  
.45 
.05 
.06 
95 
08 
Vm,I 
0.314 
.312 
319 
3 0 3  
.308 
.318 
.319 
.321 
.317 
.352 
.353 
,345 
,356 
.343 
,373 
.359 
.318 
.319 
.318 
.318 
.313 
.342 
,343 
.336 
.325 
.349 
.342 
.343 
.337 
.334 
.336 
.333 
.318 
.311 
.341 
.341 
.343 
.318 
.313 
.323 
.322 
.320 
.318 
.318 
,312 
.345 
,345 
3 5 3  
.343 
Am> 
em 
0.05: 
.05: 
.OK 
.OS 
.04: 
.054 
.05: 
.05f 
.OM 
.064 
.064 
.062 
.ow 
.061 
.011 
.066 
.054 
,055 
.OM 
.057 
.053 
.061 
.061 
.059 
.056 
.063 
.061 
.061 
.060 
.058 
,059 
.058 
.054 
.054 
.061 
.061 
.062 
.054 
.053 
.056 
.055 
.055 
,054 
.054 
.052 
.062 
.062 
.065 
,061 
20 
760 
1300 
10 
25 
11 
9 
~ 
6  
13 
6 
13 
4 5  
13 
4 8  
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TABLE 11.- RANDOM-ERROR ANALYSIS 
(a) Longitudinal data. I) = 0' 
2 g  
0.2 
15 
30 
~ 
45 
60 
75 
90 
d2g 
0.1 
25 
40 
60 
85 
d2g 
0.1 
15 
45 
75 
Error 
type 
(a) 
1 
2 
1 
2 
1 
2 
1 
2 
Percent of - I Percent of - 
CL 
~ 
270 
510 
8 
18 
cnl 
47 
76 
29 
48 
5 
11 
4 
10 
8 
17 
1 
2 
1 
2 
1 
2 
1 
2 
____ 
~ 
4 1  
67 
(b) Lateral data. -* = 90' 
Error I Percent of - 
1 1  39 
;q r r  Percent of - cA cC 'D FC/FD 
6 550 6 550 
13 1000 13 1000 
6 7 6  8 
12 17 12 19 
5 5 5  5 
12 13 11 13 
4 
10 
Error 
type 
(a) 
1 
2 
1 
2 
1 
2 
1 
2 
2 15 
T 1 :  Z 1 7  
(c )  Roll data. u = 90' 
r 
-*, 
deg 
0.1 
15 
LO3 
135 
Error 
type 
(a) 
1 
2 
1 
2 
1 
2 
1 
2 
~ 
~ 
CY 
5 
13 
5 
13 
5 
11 
~~ 
Percent of - 
- *, 
deg 
15 
103 
135 
Percent of - 
14 
12 12 
Error 
type 
(a) 
1 
2 
1 
2 
1 
2 
C l  
4 10 
620 
13 
25 
4 
9 
13 
24 
aError type 1, standard deviation; error type 2, maximum uncertainty. 
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Test 
-
1 
- 
2 
3 
4 
5 
6 
7 
8 
9 
30.0 
45.1 
60.1 
15 75.1 
TABLE m.- TEST RESULTS 
(a) Longitudinal data. + = 0' 
__ 
CA 
0.908 
~ 
.goo 
0.931 
.919 
.958 
.954 
.953 
0.958 
.956 
.947 
0.903 
.903 
.E85 
0.906 
.902 
.E64 
0.695 
.534 
0.875 
.I84 
.397 
0.164 
.ow 
0.313 
.172 
- .030 
__ 
~~~ 
_ _ ~  
~ 
F L F D  
_ _ ~  
-0.020 
.078 
-0.027 
.018 
.044 
.062 
.058 
-0.003 
- .060 
.071 
-0.108 
- .072 
- .048 
0.071 
-.loo 
.036 
0.186 
.244 
0.046 
.151 
.242 
0.161 
.070 
0.214 
.166 
-.007 
0, 
deg 
0 
0 
0 
15 
15 
45 
45 
75 
75 
9, 
4.2 
-16.2 
4.2 
-2.6 
-7.1 
-11.5 
-12.0 
0.1 
8.4 
-16.3 
0.2 
9.1 
-16.6 
-8.8 
- .2 
16.5 
0.2 
8.6 
-8.4 
-.l 
16.0 
0.2 
8.4 
-8.4 
- .2 
16.4 
CN CL 
_ _ ~  
-0.018 
.071 
-0.025 
.017 
.042 
.060 
.056 
-0.003 
- .057 
.069 
-0.098 
- .069 
- .043 
-0.064 
- .091 
.037 
0.226 
.328 
0.051 
.196 
.353 
0.266 
.119 
0.335 
.279 
-.012 
0.048 
-.187 
0.909 
.916 
0.932 
.919 
.959 
.961 
.962 
0.958 
.958 
.967 
0.909 
.958 
.E87 
0.904 
.go9 
1.035 
1.214 
1.344 
1.128 
1.302 
1.456 
1.648 
1.705 
1.562 
1.683 
1.682 
4.2 
-2.6 
-7.1 
-11.5 
-12.0 
0.043 
-.025 
- .077 
-.133 
-.145 
0.1 
8.4 
-16.3 
-0.001 
.083 
-.205 
15.2 
24.1 
-1.6 
0.144 
.328 
- .068 
0.034 
.145 
.573 
~~ 
6.2 
14.8 
31.5 
45.2 
53.6 
36.6 
44.9 
61.0 
~ 
1.021 
1.277 
0.713 
1.058 
1.44 5 
75.2 
83.4 
66.6 
74.8 
91.4 
-. 
1.661 
1.707 
1.567 
1.698 
1.682 
1 Test 1 zg 0, 
deg 
____ 
0 
15 
30 
45 
60 
75 
90 
d2g 
____ 
0.2 
.2 
0 
.1 
.1 
.1 
0 
0.0019 
.0043 
-.0128 
.0253 
.0424 
.0365 
- .0022 
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TABLE m.- TEST RESULTS - Continued 
(b) Lateral data. I = 900 
CA 
0.976 
.974 
.939 
0.947 
.945 
.936 
0.938 
.961 
.902 
- 
2, 
~ 
0.1 
8.5 
-16.2 
0.1 
8.4 
-15.8 
4.3 
-8.0 
-16.1 
___ 
CC 
0 .oo 1 
- .061 
.064 
~~ 
-0.003 
- .056 
.059 
-~ 
-0.030 
.04 1 
.053 
-0.093 
- .070 
- .034 
Test 
17 
18 
19 
20 
21 
22 
23 
24 
25 
a, 
0.1 
8.5 
-16.2 
0.1 
8.4 
-15.8 
4.3 
-8.0 
-16.1 
deg 
15.1 
23.9 
-1.6 
6.4 
14.9 
31.4 
45.1 
53.7 
36.5 
44.9 
61.3 
.58.7 
75.1 
83.5 
66.2 
74.9 
91.2 
CY 
0.003 
.084 
- .206 
-0.001 
.082 
- .203 
0.040 
- .094 
- .205 
0.162 
.328 
___ 
- .060 
0.033 
.144 
.545 
0.936 
1.161 
0.688 
.938 
1.312 
1.234 
1.393 
1.480 
1.474 
1.531 
1.519 
CD 
0.976 
.976 
.959 
FC/FD 
0.001 
- .062 
.067 
0 
__ 
0 
0.947 
.947 
.956 
-0.003 
- .060 
.a62 
-0.032 
.042 
.057 
0.939 
.965 
.923 
0 
0.956 
.912 
.920 
0.951 
.945 
.910 
0.723 
.559 
0.912 
.751 
.407 
~ 
0.965 
.966 
.922 
-0.096 
- .072 
- .037 
0.1 
8.9 
-16.6 
15 
-0.073 
- . lo4  
- .009 
0.149 
.237 
0.010 
.134 
.273 
0.949 
.950 
1.060 
1.174 
1.266 
_____ 
-8.6 
- . l  
16.4 
0.1 
8.7 
-
-0.017 
-.159 
- .009 
0.121 
.187 
15 
~ 
45 
1.143 
1.194 
1.346 
0.009 
.112 
.203 
-8.5 
- . l  
16.3 
45 
0.497 
.147 
.065 
0.339 
.157 
- .052 
0.216 
.217 
. lo3  
0.285 
.247 
.020 
~~ 
1.313 
1.384 
1.478 
0.165 
.156 
.070 
-16.3 
.1 
8.5 
75 
1.486 
1.519 
1.520 
0.192 
.163 
.013 
-8.8 
- .1 
16.2 
75 
I Test 2 g  
0.1 
25.1 
40.0 
60.0 
60.1 
85.1 
85.0 
28 
29 
30 
.0305 
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TABLE m.- TEST RESULTS - Continued 
(c) Roll data for regular hexagonal prism. (3 = 90°. (Values above dashed rule are  
measured data; values below are calculated from the measured values.) 
Test 
33 
34 
-1.4 
61.4 
58.; 
121.4 
118.5 
181.4 
---_-- 
15.2 
44.9 
75.2 
104.9 
135.2 
164.9 
23 .I 
36.3 
83.7 
96.3 
143.7 
156.3 
6.5 
53.6 
66.5 
113.6 
126.5 
173.6 
- _ _ _ _  
14.8 
45.3 
74 .8 
105.3 
134.8 
165.3 
- _ _ _ _ _  
31.3 
28.7 
91.3 
88.7 
151.3 
148.7 
- _  - - 
CY 
-0.072 
1.48f 
- -_---  
1.408 
1.408 
1.486 
-.om 
0.389 
1.184 
1.573 
1.573 
1.184 
0.389 
0.623 
.E81 
1.504 
1.504 
,881 
.623 
0.105 
1.447 
1.552 
1.552 
1.447 
,105 
0.359 
1.219 
1.577 
1.577 
1.219 
.359 
0.829 
.653 
1.482 
1.482 
.653 
329 
------ 
- - - - - - . 
. - - - - -. 
- _ _ _ - -  
-_ - - - -  
CN 
1.671 
.I67 
.903 
- .903 
- - - - - - - 
- .I67 
-1.671 
1.591 
1.133 
.459 
- .459 
-1.133 
-1.591 
1.377 
1.228 
.149 
-.149 
- 1.228 
- 1.377 
1.731 
,957 
.I75 
_ - - _ _ _ -  
. - - - - - -. 
- - - - - - - 
-.I75 
- .957 
-1.731 
.1.614 
1.118 
. ,497 
- - - - - - 
- ,497 
-1.118 
-1.614 
1.233 
1.335 
- .lo2 
.lo2 
-1.335 
-1.233 
- - - - - - - 
CC 
-0.03E 
.03S 
- .039 
.039 
- .039 
.039 
-0.041 
,041 
-.041 
.041 
-.041 
.04 1 
0.017 
-.017 
.017 
-.017 
.017 
- .017 
-0.090 
.090 
- .090 
.090 
- ,090 
.090 
-0.064 
,064 
- ,064 
,064 
- ,064 
.064 
0.068 
__-- - -  
__- -_ -  
- - - - - - . 
- - - - - - - 
. - - - - - - 
_ _ _ - - _  
- .068 
.068 
- .068 
.068 
- .068 
C2 
-0.0002 
- .0038 
- .0042 
~~ 
CD 
1.67: 
1.67: 
1.67: 
1.67: 
1.67: 
1.67: 
1.63f 
1.63f 
1.63E 
1.63E 
1.6: 
1.6: 
1.5 
1.5 
1.5 
1.51 
1.51 
1.51 
1.7: 
1.7: 
1.7: 
1.72 
1.72 
1.72 
1.6: 
1.65 
1.65 
1.65 
1.65 
1.65 
1.48 
1.48 
1.48 
1.48 
1.48 
1.48 
------ 
._---- 
---- 
---- 
-_ - -  
_- - -  
0 ,  
deg 
0 
15 
15 
FC/FI 
-0.023 - - - - - - - 
,023 
- .023 
.023 
- .023 
.023 
-0.025 
.025 
-.025 
.025 
- .025 
.025 
0.011 
-.011 
.011 
-.011 
.011 
-.011 
-0.052 
.052 
- .052 
.052 
- .052 
.052 
-0.039 
,039 
- .039 
.039 
. - - - - - - . 
- - - - - - - 
- - - - - - - 
- - - - - - - 
- .039 
.039 
0.046 
. - - - - - - 
- .046 
.046 
- .046 
.046 
- .046 
dig 
0.1 
.1 
.2 
24 
TABLE III.- TEST RESULTS - Concluded 
(d) Roll data for simulated ablated hexagonal prism. cr = 90° 
.0094 
Test 
38 
39 
135 .1 
CY CN FC/FD -9, deg 
15.1 
23.7 
-1.1 
14.9 
6.5 
31.2 
86.8 
103.3 
112.1 
86.8 
103.2 
111.6 
94.1 
102.9 
119.2 
118.1 
135.2 
143.8 
126.4 
134.9 
151.4 
126.6 
134.9 
151.2 
~ 
CC 
0.085 
.065 
.111 
0.067 
.089 
.045 
-0.216 
.065 
.159 
-0.215 
.069 
.156 
-0.099 
.043 
.167 
0.022 
.073 
.094 
0.022 
.058 
.138 
0.017 
.058 
.156 
0.507 
.IO5 
.081 
0.492 
.278 
.E38 
1.552 
1.446 
1.586 
1.589 
1.668 
1.298 
1.631 
1.608 
1.584 
0.052 
.040 
.070 
0.1 
8.6 
-16.1 
-0.1 
-8.5 
16.2 
15 
1.662 
1.688 
1.544 
0.040 
.053 
.029 
15 
1.248 
1.312 
1.294 
1.251 
1.365 
1.287 
1.260 
1.219 
1.106 
0.286 
- .375 
- .697 
1.262 
1.363 
1.462 
-0.171 
.047 
.lo9 
-16.2 
.3 
9.1 
40 
41 
42 
43 
103 
0.285 
- .390 
- .676 
0.009 
- .336 
- .E09 
1.265 
1.418 
1.445 
1.256 
1.322 
1.360 
-0.170 
.049 
.lo8 
-16.2 
.2 
8.6 
103 
-0.079 
.033 
.123 
-8.9 
.1 
16.2 
103 
1.215 
.934 
.I23 
-0.674 
-1.043 
-1.147 
1.389 
1.398 
1.352 
0.016 
.052 
. O l O  
-16.2 
.2 
8 .8 
135 
1.190 
.991 
.528 
1.170 
.961 
.491 
-0.905 
- 1.074 
- 1.254 
-0.890 
-1.031 
-1.211 
1.495 
1.464 
1.354 
1.469 
1.412 
1.303 
0.015 
.039 
.lo2 
-8.6 
- .1 
16.4 
44 
45 
135 
0.012 
.04 1 
.120 
-8.4 
.1 
16.2 
135 
~~ 
- + 9  
deg 
15.1 
103.1 
103.1 
135.1 
Test 
46 
47 
48 
49 
-0.0350 0.1 
25 
Ih 
YW 
(a) Longitudinal tests. rc/ = Oo. 
(b) Lateral tests.  -t,b = 90°. 
Basic hexagonal prism Modified hexagonal prism 
( c )  Roll tests.  o =  90°. 
Figme 1 . -  Positive directions of the forces and moments 
acting on hexagonal prism. 
26 
7 .  Magnet coil 
Contamination trap 
Inner electrode Gas injection ring 
Test gas inlet Throat 
Outer electrode Pkmnn chamber 
Arc heater 
0.305 m dia. 
Test section 
Tunnel assembly 
(a) Schematic drawing of the arc heater and the tunnel assembly. 
Figure 2.- The 0.305-meter hypersonic arc tunnel at the Langley Research Center. 
27 
L-63-7232 
(b) Arc tunnel and instrumentation. 
Figure 2.- Concluded. 
l.X-@- t2-2231 
A L  
1-4-2881 
(a) Basic hexagonal pr ism.  
I 
1.953 
t-4.2881 
-2.565-I 
(b) Modified hexagonal prism. 
Figure 3.- Geometry of models tested in investigation. 
Dimensions a r e  in centimeters. 
29 
L- 70 - 7686 
(a) Various hexagonal prism models used during the tests showing the basic and the modified model as well as 
the balance cavities drilled at different sting offset angles. 
Figure 4.- Typical test models and model attachment in tunnel. 
L- 70- 6608 
(b) Bottom view of test section showing a hexagonal prism model mounted on the sting balance 
and the attachment to the tunnel circular-arc section. 
Figure 4.- Concluded. 
u = 450 
Refert 
Support sting and balance 
- - - - - - - - - - -  3 
u = 540 
Indicates approximate location of center 
of rotation of angle-of-attack sector 
7-- 
Support sting and balance 
(a) Model balance in normal position. 
Figure 5.- Test  sequence showing angles of attack attainable with a single model. 
6 = 45O. 
32 
I 
u =  450 
A / 
Tunnel 
j F >  
center line7 / \' 
+ Indicate approximate location of center 
of rotation of angle-of-attack sector 
(I = 360 
Tunnel center line 
(b) Model  ba l ance  r o t a t e d  180'. 
Figure 5.-  Concluded.  
33 
Model reference axis 
\/ 
(a) Longitudinal tests .  + = O o .  
4 Model reference axis 
center of gravity- - Balance \ moment center 3- 
Balance axis 
(b) Lateral tests.  -I& = 90'. 
A/ Model reference axis 
/ '  
-9 \ FC m 
center of gravity 
Mode 
Balance axis 
(c) Roll tests.  cs = 90'. 
Figure 6.- Relationship between forces and angles in the balance, 
body, and wind axes systems. 
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3. (I 
2.5 
2.0 
CN 1.5 
1.0 
. 5  
0 
. / * - .  
Theory / 
Modified Newtonian /- -- -  
/ *  
- Transition bridging 
-.- Free molecule 
@ Error bars represent 
f one standard deviation , * 
8.6 
A 16.3 
-8.5 
/ 
/ / /' - 
0 
/ 
/ 
0, deg 
(a) Normal-force coefficient. 
Figure 7.- Longitudinal aerodynamic characteristics of a hexagonal prism. J/ = 0'. 
w 
UI 
2.0 
1.5 
1.0; 
cA 
. 5  
0 
Theory -
Modified Newtonian 
Transition bridging 
F ree  molecule 
Er ror  ba r s  represent 
* one standard deviation 
-- - 
-.- 
Syzbol i  = E  ;deg \. . - 
0 
A 
tl 
4 .-2 
8.6 
16.3 
-8.5 
-. 5 
0 10 20 30 40 50 60 70 80 90 100 
0, deg 
(b) Axial-force coefficient. 
Figure 7. -  Continued. 
3.0 - 
2.0 '- 
Symbol 
0 
0 
0 
A 
b 
= E  ,deg 
0 
4.2 
8.6 
16.3 
-8.5 
Theory -
-- - ' Modified Newtonian - Transition bridging 
-.- F'ree molecule 
I Error bars represent 
f one standard deviation 
I I I I 1 I I I I I I 
0 10 20 30 40 50 60 70 80 90 100 
a, deg 
(c) Drag coefficient. 
Figure 7.- Continued. 
. 4  
. 3  
.2 
CL .1 
0 
-. 1 
-. 2 
/ \ 
\\ 
Modified Newtonian - Transition bridging 
-.- Free  molecule 
--- 
E r r o r  b a r s  represent 
f one standard deviation , 
\ 
-. 
- m i .  --. 
- 
. / *  
0 
/- 
A. Y 
0 8.6 
A 1 16.3 
II I -8.5 
I I I I I I I I I I 
50 60 70 80 90 100 0 10 20 30 40 
0, deg 
(d) Lift coefficient. 
Figure 7.- Continued. 
FL 
f 
. 3  
I 
Theory /-- \ 
1 \ - - - Modified Newtonian / \  Transition bridging / \ - 
I 1 1 I I I I I I I 
0 10 20 30 40 50 60 70 80 90 100 -.2 I 
(e) Lift-drag ratio. 
Figure 7.- Continued. 
.10 
.08 
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.04 
cm .02 
0 
-. 02 
-. 04 
-. 06 
C ~m 
A 
/ / 
/ 
0 
A 
/ 
/ 
/ 
/ 
/ 
/ 
P 
0 
/ 8 
/ 
/ 
2' 
i, 
/ 
/ 
n' 
/ 
/ 
I 
/ 
d 
Symbol 
0 
0 
0 
A 
-5.0 k 1 -7.8 
o -16.0 
Error ba r s  represent 
i one standard deviation 
I I I I I I I I 
0, deg 
I I 
30 40 50 60 70 80 90 100 
(f) Sting-interference effects on pitching-moment coefficient. Symbols connected by 
dashed lines a r e  data taken with the same model. 
Figure 7 . -  Continued. 
C f m  
.06 I- @ Error bars denote 
* one standard deviation ,-- Faired curve 
- -02  t 
-. 04 I 1 I I I I I 1 I I 
0 10 20 30 40 50 60 70 80 90 100 
Q, deg 
(g) Pitching-moment coefficient. 
Figure 7.- Concluded. 
2 * 0 1  
2.5 Theory / *  
--- Modified Newtonian / *  
/- Transition bridging -.e Free molecule 
- Error bars represent / 
f one standard 
I Symbol 1 " E ,  deg 
'^ I 
1.5. 
1 .0 .  
. 5 I. 
0 
A 
h 
b 
0 
0 
I 1 I I I 
40 50 60 70 80 
A 
-- 
I 
90 
u, deg 
(a) Side-force coefficient. 
Figure 8.- Lateral aerodynamic characteristics of a hexagonal prism. - J /  = 90'. 
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-. LA Theory 
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1. . / * - -  
\. 
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/ *  
/ *  \. -.- Free molecule 
* / -  \. Error bars represent 
\ *  f one standard deviation 
1.5 
0, deg 
(b) Axial-force coefficient. 
Figure 8.- Continued. 
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(d) Crosswind coefficient. 
Figure 8.- Continued. 
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(e) Crosswind-drag ratio. 
Figure 8.- Continued. 
Erro r  bars  denote 
f one standard deviation 
.04 
- -02  t 
I 1 1 I I I I I I I 
0 10 20 30 40 50 60 70 80 90 100 
5, deg 
-. 04 
(f) Yawing-moment coefficient. 
Figure 8.- Concluded. 
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2 . 5  
2.0 
1.5 
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. 5  
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4 --- Modified Newtonian Transition bridging 
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f one standard deviation 
-.- 
16.3 
A -8.5 
-16.4 
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80 100 120 140 160 180 2 00 0 20 40 60 
- $, deg 
(a) Side-force coefficient. 
Figure 9.- Roll characteristics of a hexagonal prism. u = 90°. 
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(b) Normal-force coefficient. 
Figure 9.- Continued. 
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(d) Crosswind-force coefficient. 
Figure 9.- Continued. 
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(e) Crosswind-drag ratio. 
Figure 9.- Continued. 
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(f) Rolling-moment coefficient. 
Figure 9.- Concluded. 
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(a) Side-force coefficient. 
Figure 19.- Roll characteristics of a hexagonal prism with a simulated ablated flat. u = 90'. 
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(b) Normal-force coefficient. 
Figure 10.- Continued. 
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Figure 10.- Continued. 
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(d) Crosswind-force coefficient. 
Figure 10.- Continued. 
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Figure 10.- Continued. 
c 
T 
aJ 
N 
N 
W 
O6 lr 
- * 0 2  t -j I 
-. 06 I I I I I I I I 1 I 
-20 0 20 40 60 80 100 120 140 160 180 200 
- *, deg 
(f ) Ro 1 ling- moment coefficient . 
Figure 10.- Concluded. 
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